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TO THE EDITOR
Pitfalls of Noninvasive
Discrimination Between
Coronary Chronic Total
Occlusion and Subtotal
Occlusion by Coronary
Computed Tomography
Angiography
We read with interest the paper by Choi et al. (1)
regarding noninvasive discrimination of coronary
chronic total occlusion (CTO) and subtotal occlusion
(STO) by coronary computed tomography angiog-
raphy (CTA). We recognize the potential clinical rele-
vance of the noninvasive differentiation between
these 2 entities because CTO usually involves a worse
prognosis and more technical challenges in recanali-
zation (2). However, we have some concerns regarding
the methodological approach used in this study.
First, in the paper by Choi et al. (1), patients with a
diagnosis of complete absence of luminal enhance-
ment on coronary CTA (irrespective of the length of the
occluded segment reaching up to 30 mm) were in-
cluded. However, a previous CT study showed that
lesions with an occlusion length $14.3 mm are very
likely to represent CTO (3),whereas short interruptions
of the contrast opaciﬁcation constitute a major diag-
nostic puzzle for most of the clinicians interpreting
CTA results. In this regard, the possibility of a potential
selection bias with inclusion of some proportion of
long and thus “straightforward” CTO lesions cannot be
discounted. Consequently, this approach may artiﬁ-
cially increase the sensitivity because there are more
“true positive” cases than in a more conﬁned subset of
shorter CTO lesions with a challenging diagnosis on
CTA. In our opinion, the incremental diagnostic yield
of noninvasive CTA is related to the evaluation of cor-
onary lesions with short interruption of the luminal
enhancement that visually accounts for most of the
diagnostic dilemmas in clinical practice.
A second aspect is the validation of the primary
model for prediction of the procedural outcome of
recanalization deﬁned as successful percutaneouscoronary intervention with a minimal diameter
stenosis <50% and Thrombolysis In Myocardial In-
farction grade ﬂow grade 3. The disadvantage of this
endpoint is that it provides a close dependence on all
aspects of the percutaneous procedure (i.e., guidewire
crossing, balloon pre-dilation, and stent implanta-
tion) that heavily rely on the individual operator’s
skills, experience, and perseverance rather than the
level of difﬁculty intrinsic to treating the lesions.
A potential solution for this issue had already
been applied in the recent CT-RECTOR (Computed
Tomography Registry of Chronic Total Occlusion
Revascularization) registry that deﬁned the outcome
variable as the ability to successfully cross the lesion
with a guidewire within 30 min (4).
Third, the results of the study by Choi et al. should
be interpreted with reference to the risk of bias
regarding ﬂow and timing. Indeed, the presence of
coronary plaque is not a static phenomenon—a lesion
may appear high-grade stenotic today but rather
evolve into CTO tomorrow, and vice versa. In this
context, the interval between coronary CTA and
invasive angiography that extended up to 12 weeks in
the study by Choi et al. (1) was perhaps too long. This
issue is further complicated because patients with
recent myocardial infarction (occurring within 90 days
by the CTA time) were excluded, which, together with
the delayed invasive coronary angiography, might
have favored enrollment of older CTO.
These comments may be important when inter-
preting the results of the study by Choi et al. (1).
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REPLY: Pitfalls of Noninvasive Discrimination
Between Coronary Chronic Total Occlusion
and Subtotal Occlusion by Coronary
Computed Tomography Angiography
We thank Drs. Opolski and colleagues for their interest
in our paper (1). Historically, chronic total occlusion
(CTO) has been deﬁned by complete luminal obstruc-
tion with presumed duration $3 months. How-
ever, this deﬁnition is frequently troubled by limited
spatial resolution of angiography and unclear medical
history.
Revisiting the deﬁnition of CTO on the basis of the
presumed pathogenesis of CTO, starting as throm-
botic occlusion in the context of myocardial infarc-
tion, followed by progression of organized thrombus
ﬁlling up to the ostium of side branches and growth of
collateral vessels ﬂowing into the distal arterial tree
(2–4), may clarify the deﬁnition of CTO. Coronary
computed tomography angiography could reveal
these pathophysiological ﬁndings, which were more
common in CTO compared with subtotal occlusion
(STO) (1). Matured CTO would be pathologically and
hemodynamically stabilized plaque and may not
regress or progress in a short-term period. STO can be
regarded as having a dynamic status in the spectrum
between thrombotic occlusion and matured CTO.
In brief, CTO is an interbifurcation occlusive dis-
ease. The length of occlusion depends on the dis-
tance between branches and is highly various.
Typically, CTO in the right coronary artery is longer
compared with CTO in left coronary arteries.
Therefore, length is neither sensitive nor speciﬁc for
CTO. The J-CTO (Multicenter CTO Registry in Japan)
and CT-RECTOR (Computed Tomography Registry of
Chronic Total Occlusion Revascularization) studies
focused on the grading difﬁculty of CTO by angio-
graphic or coronary computed tomography angiog-
raphy–based score (5). Occlusion length $20 mm wasfound in just 9% of 27% of successfully revascular-
ized patients in the J-CTO and CT-RECTOR studies,
respectively. Unlike J-CTO, lesion length was not
included in CT-RECTOR.
Crossing a guidewire through CTO is the most time-
consuming step and is highly dependent on the oper-
ator’s expertise, which has been used as the primary
outcome in the previously mentioned studies (5).
Although crossing a guidewire resulted in successful
revascularization in most cases, clinically meaningful
guidewire crossing into the distal vessel should be
validated only after dilation of the occluded segment
by a balloon or stent and conﬁrmation of ﬂow resto-
ration in the distal arterial bed. We focused on
discerning CTO from STO, in which the guidewire
usually crossed the lesion within 1 min. Such a
straightforward lesion subset needs to be considered
separately from technically demanding CTO in both
procedural and clinical aspects.
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